Human cytochrome P450 3A4-catalyzed testosterone 6 beta-hydroxylation and erythromycin N-demethylation. Competition during catalysis.
Cytochrome P450 3A4 is known to catalyze the metabolism of both endogenous substrates (such as the 6 beta-hydroxylation of testosterone) and many important therapeutic agents, including the N-demethylation of erythromycin. However, erythromycin and testosterone have been reported to have little or no effect on the metabolism of each other by recombinant CYP3A4. In an effort to understand the basis of these observations, we studied the N-demethylation of erythromycin and the 6 beta-hydroxylation of testosterone in human liver microsomes and in microsomes from cells containing recombinant human CYP3A4 and P450 reductase under a variety of experimental conditions. In both human liver microsomal and recombinant CYP3A4 systems, erythromycin inhibited testosterone 6 beta-hydroxylation in a concentration dependent manner, and vice versa. However, the inhibition mechanism was complex. At low substrate concentrations, testosterone and erythromycin acted as competitive inhibitors to each other. Under these experimental conditions, an apparent competitive inhibition of testosterone 6 beta-hydroxylation by erythromycin was observed, with Ki values similar to that of the K(m) values for erythromycin. When the rates of testosterone 6 beta-hydroxylation and erythromycin N-demethylation were determined in microsomal incubations containing both substrates at lower concentrations, the observed rates for each reaction were in good agreement with the calculated rates based on the rate equation describing simultaneous metabolism of two substrates by a single enzyme. However, at high substrate concentrations, the kinetic results could be best explained by a mechanism involving partial competitive inhibition. We conclude from these studies that testosterone and erythromycin mutually inhibit the metabolism of each other, consistent with the fact that CYP 3A4 catalyzes the metabolism of both substrates.